Women in the United States are disproportionately overweight, particularly minority and socioeconomically disadvantaged women.
1,2
Approximately two thirds of adult women are overweight, and of this group, one third are obese.
1 Among racial/ethnic groups, African
American and Hispanic women have the highest prevalences of obesity, at 50% and 40%, respectively. 1 Women who are socioeconomically disadvantaged have higher obesity rates than do women of higher socioeconomic standing. 3 In addition, emerging evidence links perinatal factors such as parity (number of births) to obesity in later life, [4] [5] [6] [7] [8] [9] although researchers investigating the relationship between parity and major weight gain or obesity have found mixed results. 7, [10] [11] [12] [13] [14] [15] [16] [17] Several studies have reported that multiparous women (those who have had 2 or more live births) were more likely to be overweight than were nulliparous women (those who have never had a live birth). [10] [11] [12] [13] 15 Another study found that primiparous women (those who have had at least 1 live birth) were more likely to be overweight and to have major long-term weight gain than were multiparous and nulliparous women. 17 Other studies have found little or no relationship between parity and weight gain or obesity. 7, 12, 14, 16 The inconsistencies in these findings may stem from differences in definitions of the main outcomes, the use of cross-sectional study designs versus prospective designs, or the exclusion of prevalent cases of obesity at baseline. The majority of these studies focused on the outcomes of mean body mass index (BMI), mean weight gain, weight change, major weight gain, or prevalence of obesity, but not on the incidence of parity-related obesity. Additionally, these studies did not establish that births occurred before the outcome measured. 10, 12, 13, 16 Nor have these studies investigated whether racial/ethnic or socioeconomic differences exist in the incidence of parity-related obesity. Thus, we used prospective data to determine the 5-year incidence of parity-related obesity among our sample and to investigate whether this incidence varied by race/ethnicity or socioeconomic status.
METHODS

Study Design
We analyzed data on 2923 women from the 1979 National Longitudinal Survey of Youth (NLSY), an ongoing prospective study of a nationally representative sample of 12 686 US residents aged 14 to 22 years in 1979. Details of recruitment, sampling methods, and study procedures have been published previously. 18 Briefly, the US Department of Labor sponsored the NLSY cohort study to examine participants' labor-force experiences, education, and training. Additional funding from the National Institute for Child Health and Human Development allowed for the inclusion of perinatal and health-related variables. The NLSY study was constructed from 3 independent, multistage, stratified area probability samples: (1) a cross-sectional sample that represented noninstitutionalized civilian youths aged 14 to 22 years in 1979; (2) a supplemental sample that oversampled Hispanics, African Americans, and respondents who were not African American or Hispanic and who were economically disadvantaged in 1979; and (3) a military sample that represented youths aged 17 to 21 years who were enlisted in the armed services in 1979. The cohort was statistically powered to analyze historically underrepresented groups such as women and minorities.
The study duration for the NLSY is 1979 to the present; our study period encompassed 1980 to 1990. We chose this period because, although key perinatal and anthropometric variables were available for the entire NLSY study duration, the supplemental sample was not followed beyond 1990.
Sample Characteristics
A total of 6283 women were enrolled in NLSY. We included the NSLY's adolescent respondents in our study sample because the data on the relationship of parity to incidence of obesity among adolescents are extremely limited. Moreover, excluding adolescents and limiting our sample to adults would result in an underestimation of the impact of parity on the incidence of obesity. We excluded women meeting any of the following conditions: those in the military sample (n = 456), because it was not followed beyond 1985; those for whom BMI (weight in Objectives. We investigated the relationship between childbirth and 5-year incidence of obesity.
Methods. We performed a prospective analysis of data on 2923 nonobese, nonpregnant women aged 14 to 22 years from the 1979 National Longitudinal Survey of Youth Cohort, which was followed from 1980 to 1990. We used multivariable logistic regression analyses to determine the adjusted relative risk of obesity for mothers 5 years after childbirth compared with women who did not have children.
Results. The 5-year incidence of obesity was 11.3 per 100 parous women, compared with 4.5 per 100 nulliparous women (relative risk [RR] = 3.5; 95% confidence interval [CI] = 2.4, 4.9; P < .001). The 5-year incidence of obesity was 8.6 for primiparous women (RR = 2.8; 95% CI = 1.5, 5.0) and 12.2 for multiparous women (RR = 3.8; 95% CI= 2.6, 5.6). Among parous women, White women had the lowest obesity incidence (9.1 per 100 vs 15.1 per 100 for African Americans and 12.5 per 100 for Hispanics).
Conclusions. Parous women have a higher incidence of obesity than do nulliparous women, and minority women have a higher incidence of parity-related obesity than do White women. Thus, efforts to reduce obesity should target postpartum women and minority women who give birth. kilograms divided by height in meters squared) data were missing (n = 247); obese women (n = 265); and those with a BMI of less than 12 kg/m 2 (n = 2), because they do not represent healthy individuals in the community. However, we included underweight women (BMI <18.5 kg/m 2 ), who may gain weight over time with repeated births. This left a cohort of 5313 (Figure 1) .
We also excluded women missing information on their first childbirth (n = 408), women who first gave birth before 1980 (n = 935), and women who had no children between 1980 and 1984 but who had children between 1985 and 1990 (n =1043). This left a final cohort of 2927. We further divided this cohort into 2 groups: the nulliparous group (n =1522) were women who did not give birth between 1980 and 1990, and the parous group (n =1405) were women who had at least their first child between 1980 and 1984.
Measures
Demographic variables. We used maternal education level as a proxy for socioeconomic status. Participant education level was not an appropriate proxy because the majority of the respondents were still in school. Also, maternal education is correlated strongly with healthrisk behaviors among adolescents. 19, 20 We defined maternal education level as the highest education level attained by the participant's mother, categorized into 3 levels: high (1 year or more of college), medium (high school diploma), and low (less than a high school diploma). We defined participant education level as the highest education level attained by the participant, with the results categorized in the same 3 levels as those used for maternal education. Place of residence at age 14 was dichotomized into urban and rural areas. Marital status was dichotomized into married versus unmarried, with the latter category including participants who were single, divorced, widowed, separated, or other. Smoking status was defined as ''smoker'' if the woman gave an age in answer to the question, ''At what age did you start to smoke daily?'' A participant was defined as a nonsmoker if she reported no age in answer to the question about smoking. All demographic variables were measured at baseline. Parity variables. The participant's age at the birth of her first child, age at first birth, was dichotomously categorized into 11 to 17 years and 18 to 33 years. Women 17 years and younger are considered children and thus are evaluated according to different weight classifications. 21 We defined parity as the total number of live births between 1980 and 1990. We defined the nulliparous group as women who had no children between 1980 and 1990. The primiparous group had 1 child, their first, from 1980 to 1984, and they had no children within the 1985 to 1990 follow-up interval. Initially, we created 2 multiparous groups (women who had more than 1 child). The first multiparous group consisted of women who had 2 or more biological children between 1980 and 1984 and no children during the follow-up period in which obesity was determined (1985) (1986) (1987) (1988) (1989) (1990) ). This definition ensured that all births occurred before the obesity outcome. The second group included women who had at least their first biological child between 1980 and 1984 and other children between 1985 and 1990. For this group, it was possible for births to have occurred after the obesity outcome. We analyzed the incidences of obesity for these 2 multiparous groups separately, and we found the incidences to be similar. Therefore, to ensure a more stable estimate of obesity incidence, we combined the 2 multiparous groups for the analyses.
Definition of main outcome. Our main outcome variable was 5-year incidence of obesity. We used self-reported weight (collected annually in 1980-1983 and in 1985, 1986, and 1988) Because the WHO criterion does not apply to those younger than 18 years, we used age-and gender-specific BMI percentiles from the Centers for Disease Control and Prevention for girls aged 14 to 17 years. Girls in this age category with a BMI greater than the 95th percentile for their age were classified as obese, and those with a BMI greater than the 85th percentile were classified as overweight. 21 In our calculation of the 5-year incidence of obesity for women who gave birth between 1980 and 1984, the numerator contained the number of obese cases within the 5-year interval, starting with the birth year of the first child born, and the denominator contained the number of total births within that year. For example, for women who had a child in 1982, the 5-year incidence of obesity was calculated as follows: number of these women who became obese between 1982 and 1986 divided by the total number of women who gave birth in 1982. The overall 5-year incidence for the women who gave birth between 1980 and 1984 was calculated by summing all of the incidence rates for the individual years.
Eight women gave birth in the year when their weight was measured. We excluded 4 of these women from the analyses because they were pregnant when their weight was measured.
We included the other 4 women because they met1of 2 criteria: (1) their weight was measured 6 months to1year after they delivered (n =1), or (2) they remained obese in the years following the birth of their child (n = 3).
The 5-year incidence of obesity for women in the nulliparous group was calculated as follows: number of obese women in the nulliparous group between 1980 and 1985 divided by the number of women who did not give birth between 1980 and 1990. We used the obesity incidence rate for the first 5-year interval (1980) (1981) (1982) (1983) (1984) (1985) as a proxy for the overall obesity incidence rate for the nulliparous group. This decision was based on a comparison of obesity incidence rates from successive 5-year intervals, incremented by 1 year each, from 1980 to 1989 for this group. These comparisons revealed only small increases in the incidence of obesity from each 5-year interval to the next. We believe these increases in obesity incidence were the result of increasing age, which we accounted for in the multivariate model.
Statistical Analyses
In our bivariate analyses, we used Pearson's c 2 to compare categorical variables and Student's t test or analysis of variance for continuous variables to aid in identifying potential confounding variables for the multivariable models. We used 4 multiple logistic regression models to determine the relative risk of developing obesity over a 5-year interval. Model A determined the relative risk of developing obesity over a 5-year interval, comparing parous women to nulliparous women. Model B compared primiparous women to nulliparous women, model C compared multiparous women to nulliparous women, and model D compared multiparous women to primiparous women. We controlled for chronological age, smoking, residence, maternal education level, marital status, and race/ ethnicity. We used Stata software version 8 for all analyses (Stata Corp LP, College Station, TX). Our analyses tested for effects of the following interactions on the incidence of obesity: race/ ethnicity · parity, race/ethnicity· maternal education, and race/ethnicity· age.
RESULTS
In comparisons of the group with missing data to the remaining cohort, women missing BMI at baseline (n = 247) were similar to the remaining cohort with respect to educational level, age at first birth, and parity; women missing BMI at baseline differed in that more were Hispanic, they were older, and more were married women who had a mother with low educational attainment. Women missing information on the birth of their first biological child (n = 408) were similar to the remaining cohort with regard to race/ethnicity, education, maternal education, baseline mean age, and BMI; they differed in that more of them were married, and they were slightly older. Table 1 displays the demographic and clinical characteristics of the sample at baseline (1979) (1980) , stratified by race/ethnicity. Compared with African American and Hispanic women, White women were slightly older, they were more likely to be married and to live in a rural location, and they had higher personal and maternal education levels. African American women were heavier and more likely to be primiparous than the 2 other racial groups. Hispanic and African American women had a younger age at first birth than did White women. Table 2 displays the unadjusted 5-year incidence and relative risk of obesity for parous women compared with nulliparous women. The number of women who gave birth in each year was as follows: 304 in1980, 296 in1981, 283 in 1982, 272 in1983, and 246 in1984. Compared with nulliparous women evaluated over 5-year intervals as described above, parous women were 2.5 times more likely to develop obesity in the 5 years after childbirth. The relative risks of developing obesity after childbearing were similar across racial/ethnic groups.
Among the nulliparous group, the incidence of obesity was higher for minority women than for White women. For minority women who had given birth, the incidence of obesity was 37% to 66% higher than the incidence of obesity in White women who had given birth. Among nulliparous women, incidence of obesity covaried inversely with maternal education. The effect of the interaction between maternal education and childbirth on the incidence of obesity was statistically significant (P < .001), although this relationship was not present among parous women.
All of the childbearing women who became obese in their 5-year follow-up intervals (n =159) developed obesity within 2 years of giving birth. Of these women, 89% (n =142) remained at least significantly overweight (BMI ‡ 28 kg/m 2 ) throughout the remainder of their follow-up periods. Table 3 shows 5-year obesity incidences by race/ethnicity and parity. The lowest obesity incidence occurred in the nulliparous White group, with the highest incidence occurring among the African American and Hispanic multiparous groups. For White and African American women, nulliparous women had lower incidences of obesity than did primiparous and multiparous women. The obesity incidences of White and African American women increased with the birth of a single child and increased further for women with multiple births. For Hispanic women, the incidences of obesity were similar between nulliparous and primiparous women; however, the sample size of Hispanic primiparous women was small. Among all 3 racial/ethnic groups, the obesity incidence was highest for multiparous women. The race/ethnicity· parity interaction had an effect on the incidence of obesity, but the race/ethnicity· maternal education interaction and race/ethnicity · age interaction had no effect on obesity incidence. Finally, Table 4 displays results from multivariable logistic regression models for the relative risk of developing obesity. Women with 1 or more births had 3.5 times the obesity risk of women who never gave birth. The relative risks of obesity for primiparous and multiparous women were almost 3 times and 4 times (respectively) that of nulliparous women, although the difference between the obesity risks of primiparous and nulliparous women was not statistically significant.
DISCUSSION
Our main findings show that the 5-year risk of developing obesity was 3.5 times greater among women who had given birth than among women who had never given birth. This parity-related risk of developing obesity was similar across racial groups. Although nulliparous African American and Hispanic women had a higher obesity incidence than did nulliparous Whites, the obesity incidence of African American and Hispanic women increased greatly with childbearing. For women who never had children, maternal education covaried inversely with the incidence of obesity. Interestingly, we found that the relative risk of obesity was similar between primiparous and multiparous women; however, primiparous and multiparous women had 3 to 4 times the obesity risk of nulliparous women. Finally, of the childbearing women who became obese in the 2 years following childbirth, only 11% returned to a normal BMI in the remainder of the 5 years following childbirth.
These findings provide important prospective evidence that childbirth contributes to the development of obesity. Childbirth (either primiparous or multiparous) appeared to increase a woman's risk of developing obesity relatively soon after delivery. This finding is troubling because most women who become obese subsequent to childbirth remain overweight or obese in the years following the perinatal period. Our findings also showed that childbirth contributed to the racial disparities demonstrated in obesity levels. The incidence of parity-related obesity was higher among African American and Hispanic women than among White women. This finding may be caused by racial differences in the influence of perinatal factors on the development of obesity. For example, White women are more likely to have excessive pregnancy weight gain (24) 115 (17) 84 (18) 1 or more years of college 410 (14) 294 (16) 73 (11) Note. Some data were not collected in 1979 and became available in later years. Weight data became available in 1981; age at first birth and parity were retrospectively collected in 1983 and prospectively collected from that time onward. For girls under 18 years of age, underweight is defined as BMI < 15th percentile for age, normal weight as BMI = 15th to 85th percentiles for age, and overweight as BMI > 85th percentile for age.
than are minority women, but minority women tend to have greater postpartum weight retention than do White women. 6, 23 Additionally, maternal education appears to be protective only for women who have never had children, raising the question of whether this finding is a function of biology, social environment, or an interaction of the two. In addition, primiparous and multiparous women had greater risk of obesity than did nulliparous women but similar risk to each other. This finding suggests that parity-related weight gain or retention has the greatest impact on obesity risk with the first childbirth; the contribution of subsequent births to obesity appears to be nominal. Future research should further investigate this finding by examining whether the interpregnancy intervals of multiparous women contribute to this phenomenon.
Our findings concur with those of Williamson et al., who found that primiparous adult women were more likely to develop major weight gain over a10-year period than were nulliparous and multiparous women. 17 They found no evidence that multiparous women gained more weight than did primiparous women. 17 Similarly, a prospective study by Rosenberg et al. concluded that BMI was higher among primiparous women than among nulliparous women. 24 They also determined that weight gain was greater among primiparous women than among multiparous women. 24 Our findings also agree with those of Wolfe et al., which showed that parity-associated weight gain was considerable for White women and even greater for African American women. Specifically, African American women with increased parity were 5 times more likely to experience major weight gain than were those with no parity increase. 9 Our findings differ from a prospective study by Brown et al., which found mean BMI to be lower for women with 1 or 2 births than for nulliparous women or for women with 3 or more births. 12 The study also found that BMI increased as parity increased from 3 to 8 live births. 12 However, the Brown sample was predominantly White, limiting its generalizability, and the authors did not establish that the birth of the child always preceded the occurrence of obesity.
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Strengths and Limitations
Several study limitations deserve comment. Although this data set was rich in perinatal and sociodemographic variables, it was limited because the parent study was originally designed to investigate labor-force issues and health. Our results may have underestimated the incidence and risk of obesity because weights were not measured annually, and because parity only reflected live births, excluding stillbirths and lateterm miscarriages. The prevalence of obesity among young adults is greater today than it was in our study period of1980 to1990, which could affect incidence.
1, [25] [26] [27] We did not have information on family history of obesity to account for Note. RR = relative risk; CI = confidence interval. All models adjusted for chronological age, race/ethnicity, marital status, residence, baseline height and weight, smoking, and maternal education status. a Given the prospective nature of the data, RRs were approximated with odds ratios from logistic regression.
predisposition to obesity. Finally, there may be residual confounding of other factors that may explain the effect of pregnancy on obesity, such as excessive pregnancy weight gain and postpartum weight retention. Despite these limitations, the strengths of our study are its prospective, community-based design and its large, diverse sample of young women of childbearing age followed over a 10-year period. The large sample of minority women strengthened the race/ethnicity-specific analyses, an especially important factor given that minority women are disproportionately affected by obesity and tend to be underrepresented in research studies. Finally, we allowed each woman to serve as her own control in the follow-up period.
Conclusions
Our findings demonstrate that childbirth increases the risk of becoming obese. The effects of parity on the risk of obesity are greater among minority women. Based on these findings, obesity-prevention efforts should target women during the postpartum period. One recommendation would be to identify the women at greatest risk-normal-weight women who become overweight, overweight women, and women who are obese at the 6-week postpartum visit-and encourage them to lose weight, giving them the target of returning to their pre-pregnancy weight by 1 year postpartum. Until more clinical and community-based weight-management interventions are developed, these women should be given access to extant weight-management resources, and their weight should be closely monitored within the first year postpartum.
The contribution of specific perinatal factors such as interpregnancy interval, excessive pregnancy weight gain, postpartum weight retention, and postpartum change in lifestyle need to be further examined. Future prospective studies or surveillance databases should include time-dependent perinatal variables that will allow for scrutiny of these variables' relationships with obesity development. j 
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